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DESCRIPTION 

SEMICONDUCTOR INTEGRATED CIRCUIT AND DESIGN METHOD THEREOF 

5 TECHNICAL FIELD 

The present invention relates to a semiconductor 
integrated circuit capable of being verified systematically, 
a design method thereof, and a design tool thereof. 

10 BACKGROUND ART 

A conventional LSI design method is typically 
represented by a flowchart as shown in FIG. 2. That is, RTL 
modeling and logic verification are performed first, and next 
logic synthesis , layout, and timing verification are performed 
15 to generate mask data . Then , a prototype is made and evaluated 
to ship samples. Problems detected in the verification and 
evaluation are corrected while being returned to the 
respective required steps . At present , high performance logic 
simulators and logic synthesis tools allow logic errors to be 
20 eliminated almost completely. However, as for a malfunction 
caused by timing variations due to parasitic resistance and 
capacitance generated after the layout, it is much more 
difficult to be eliminated as compared with errors caused only 
by logic structures. In general, timing verification is 
25 performed after the layout in view of parasitic resistance and 
capacitance, though multiple modifications of the layout are 
required, leading to a longer design period of time. In 
addition, there are errors that cannot be eliminated in the 
design step because of low accuracy of adjustment. 

30 
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DISCLOSURE OF INVENTION 

A malfunction in the timing verification is typically 
caused by a long lead wiring, for instance. In such a case, 
the layout is often required to be widely modified. 
5 Furthermore, even when the layout is modified so as to reduce 
the corresponding wiring capacitance and resistance, another 
wiring may be formed to cause another malfunction due to timing 
variations . Thus , the malfunction caused by timing variations 
due to parasitic resistance and capacitance after the layout 
10 is difficult to be systematically corrected, leading to a 
longer design period of time. 

The aforementioned malfunction due to timing 
variations causes serious problems in the design of an LSI on 
a glass substrate that has been actively developed in recent 
15 years . This is mainly because transistors on a glass substrate 
generally have larger variations in element characteristics 
as compared with transistors on a single crystalline silicon 
substrate, and thus simulation cannot be performed with high 
accuracy. Therefore, timing verification using a produced 
20 chip after making the prototype becomes essential, and more 
particularly, systematic correction is more required in view 
of the development period and cost. 

In view of the foregoing problems, the invention 
provides a semiconductor integrated circuit , a malfunction of 
25 which due to timing variations can be corrected systematically. 
The Invention also provides a design method of the 
semiconductor integrated circuit in order to shorten a design 
period of time. Furthermore, the invention provides a design 
tool of the semiconductor Integrated circuit in order to 
30 shorten a design period of time. 
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In order to correct a malfunction in a logic circuit 
due to timing variations , the layout is required to be modified 
either widely or locally. For instance, in the case of 
correcting a malfunction caused by parasitic capacitance and 
5 resistance due to a long wiring, the layout may be locally 
modified by adding a buffer to increase the drive capability, 
or may be widely modified in order to shorten the wiring. 

The inventor considered that in orcler to systematically 
correct a malfunction due to timing variations , it is important 
10 to determine whether to modify a chip layout widely or locally, 
and to reduce malfunctions required to be corrected by widely 
modifying the chip layout. 

It is to be noted that a semiconductor integrated 
circuit according to the invention is constituted by a 
15 plurality of logic blocks as a normal LSI chip . A logic block 
is a collection of logic circuits having the same function, 
which Includes a lot of logic gates. The designing layout is 
generally performed for each logic bloclc. 

Furthermore, in the invention, a block for generating 
20 control signals supplied to a plurality of logic blocks is 
referred to as a control signal generating circuit to be 
distinguished from other logic blocks. 

It is to be noted that a control signal means a signal 
for controlling latching of registers, and typically means 
25 various clock signals, reset signals, or signals generated 
based on these signals . On the other hand , a data signal means 
various signals whose values are stored in registers. 

On the basis of the foregoing, a design method of the 
invention is divided into two steps as shown in FIG. 3. After 
30 the normal RTL modeling and logic verification, the first 
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design step is performed, in which a logic circuit is not 
verified in detail and designing layout and timing 
verification are performed for a chip outline while taking into 
consideration, for instance, input signals to each logic block 
5 only. In the second design step, designing layout and timing 
verification are performed for each logic block while 
maintaining the layout of the chip outline and the input signal 
timing to each logic block that have been obtained in the first 
design step. Then, after generating mask da-ta, a prototype 
10 is made and evaluated to ship samples . A malfunction detected 
in each verification and evaluation is corrected while being 
returned to the respective required steps . The aforementioned 
two design steps including the one for the chip outline and 
the one for each logic block provide a design method that can 
15 determine whether the correction is required for the chip 
outline or only for each logic block and can perform systematic 
correction. In addition, systematic correction can also be 
performed by using a design tool for executing the first design 
step and the second design step. 
20 According to the invention, two types of logic circuits 

for the first design step and the second design step are 
distinguished as following. 

In the first design step , signals between logic blocks 
and a part of each logic block are designed. The part of each 
25 logic block here means a logic circuit including a register 
for latching an input data signal transmitted to each logic 
block firstly and a control circuit for controlling the 
register. The control circuit also generates control signals 
serving as other control signals used within each logic block. 
30 In the invention, this part is referred to as a first logic 
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circuit whereas other part within the logic block is referred 
to as a second logic circuit. Further, a group of registers 
for latching an input data signal transmitted to each logic 
block firstly is referred to as a first group of registers 
whereas a group of registers included in the second logic 
circuit is referred to as a second group of registers. 

Such a structure is shown in FIG. 1. In FIG. 1, a logic 
block 101 is constituted by a first logic circuit 102 and a 
second logic circuit 103, input data 107 and an input control 
signal 108 being input thereto, and output data 109 and an 
output control signal 110 being output therefrom. The first 
logic circuit 102 includes a logic circuit 105 with no latches , 
a first group of registers 104, and a control circuit 106. The 
second logic circuit 103 includes a second group of registers 
15 and a control circuit for controlling the second group of 
registers (not shown). 

That is, in the first design step, designing layout and 
timing verification are performed for the outline of logic 
circuit that includes signal lines between logic blocks and 
20 each of the first logic circuits . Next, in the second design 
step, designing layout and timing verification are performed 
for the second logic circuit 103 in each logic block 
independently, in accordance with the layout and timing 
obtained in the first design step. 
25 As a result, a malfunction of an incorrect value stored 

in the first group of registers 104 may be corrected while being 
returned to the first design step. In that case, the layout 
of a plurality of logic blocks may be required to be modified. 
On the other hand, as for a malfunction of an Incorrect value 
30 stored only in the second group of registers , the second design 
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step may be performed for the second logic circuit 103 in the 
corresponding logic circuit 101. In that case, the result of 
the first design step is not modified and another ma.lf unction 
does not occur except in the corresponding second logic circuit 
5 103, therefore, the layout can be locally modified. Thus, 
systematic correction can be performed by correcting 
malfunctions in the first group of registers 104 ffirst, and 
then correcting malfunctions in the second group of registers . 

A semiconductor integrated circuit manufactured by the 
10 design method of the invention comprises logic blocKs in each 
of which a first logic circuit and a second logic circuit are 
disposed separately. In other words, a layout including a 
plurality of parts each of which can be corrected independently 
is achieved, which allows more efficient correction of the 
15 layout . 

In this manner, a shorter design period of time can be 
achieved. 

Described hereinafter is a more efficient design method 

of the invention. 
20 A malfunction due to the first design step requires the 

correction of a plurality of logic blocks in many cases. 
Therefore, it is important to reduce such malfunctions. In 
order to reduce such malfunctions, timing verification is 
preferably performed more accurately and a circuit scale in 
25 the timing verification is preferably reduced as much as 
possible. For instance, a structure in which an input data 
signal is directly stored in a register of each logic block 
not through a logic gate in a logic circuit may be adopted. 

In addition, it is also important to adopt a structure 
in which a malfunction due to the first design step can be 
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corrected by locally modifying the layout. For instance, a 
structure in which a control signal in a logic block is 
controlled independently of other logic blocks and control 
signal timing can be adjusted in each logic block may be 
adopted. 

According to the design method of the invention 
including two design steps, a malfunction due to timing 
variations can be systematically corrected by determining 
which of the design steps causes the malfunction . Furthermore . 
a semiconductor integrated circuit manufactured by the design 
method of the invention has a layout divided into a plurality 
of parts each of which can be corrected independently, which 
allows an efficient correction of the layout. As a result, 
a shorter design period of time can be achieved. 



15 



BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram showing a logic block 
constituting a semiconductor integrated circuit of the 
invention . 

20 FIG. 2 is a conventional design flowchart. 

FIG. 3 is a design flowchart of the invention. 
FIG. 4 is a block diagram showing a semiconductor 
integrated circuit of the invention. 

FIG. 5 is a block diagram showing a logic block 
25 constituting a semiconductor integrated circuit of the 
invention . 

FIG. 6 is a block diagram showing a logic block 
constituting a semiconductor integrated circuit of the 
invention . 

30 FIGS. 7A and 7B are block diagrams each showing a logic 
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block constituting a semiconductor integrated circuit of the 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
5 A design method of the invention is described 

hereinafter. PIG. 4 is a block diagram of a typical 
semiconductor integrated circuit . A semiconductor 

integrated circuit 401 is constituted by logic blocks 402 to 
405, a control signal generating circuit 406, data lines 407, 

10 and control lines 408. An input control signal 410 and input 
and output data 409 are input to or output from the 
semiconductor integrated circuit 401. Each of the logic 
blocks 402 to 405 is divided into first logic circuits 402a 
to 405a and second logic circuits 402b to 405b respectively. 

15 It is needless to say that the number of logic blocks and the 
structure of data lines are just examples and the invention 
is not limited to these. 

According to a design method of the invention, in the 
first design step, designing layout and timing verification 

20 are performed for the control signal generating circuit 406, 
the data lines 407, the control lines 408, and the first logic 
circuits 402a to 405a. Note that the control signal generating 
circuit 406 is a block for generating control signals supplied 
to a plurality of logic blocks, thus, it is preferably 

25 considered in the first design step for determining the layout 
of a chip outline. 

For instance, a required layout area can be estimated 
from the number of elements included in each of the first logic 
circuits 402a to 405a and the second logic circuits 402b to 

30 405b. On the basis of this estimation, layout is made for the 
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control signal generating circuit 406, the data lines 4 07, the 
control lines 408, and the first logic circuits 402a to 405a. 
Subsequently, timing verification is performed by the use of 
capacitance value and resistance value extracted from the 
5 obtained layout. In the first design step, consideration is 
made on registers in each logic block to which signals have 
just been input. This step is intended to verify the timing 
of the data lines 407 and the control lines 408 that are signal 
lines connected to a plurality of logic blocks. 

10 When an operation is verified, the first design step 

is completed* In the case of a malfunction being detected, 
designing layout and timing verification are performed again. 

In the second design step, designing layout and timing 
verification are performed for the second logic circuits 402b 

15 to 405b. In this design step, designing layout and timing 
verification can be performed for each of the second logic 
circuits 402b to 405b independently. The layout is made so 
as to be connected to the layout obtained in the first design 
step. The timing verification is performed while maintaining 

20 the timing verified in the first design step. When an 
operation is verified, the second design step is completed. 
In the case of a malfunction being detected, designing layout 
and timing verification are performed again fox the 
corresponding second logic circuit* 

25 As the result of this design method, a layout of a 

semiconductor integrated circuit, in which a first logic 
circuit and a second logic circuit are disposed separately, 
can be achieved. 

According to such a layout, a malfunction due to timing 

30 variations can be systematically corrected, resulting in a 
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shorter design period of time. 

Specifically, for instance, it is supposed that a 
malfunction of an incorrect value stored in a register in the 
logic block 402 is detected in the verification of a produced 
5 chip obtained on the basis of the semiconductor integrated 
circuit shown in PIG. 4. In that case, it is checked whether 
the detected malfunction is included in a register in the first 
logic circuit 402a, namely the first group of registers, or 
a register in the second logic circuit 402b, namely the second 

10 group of registers. 

In the case of the malfunction being included in the 
first group of registers, it is corrected while being returned 
to the first design step, which may require the correction of 
the layout of a plurality of logic blocks. On the other hand, 

15 in the case of the malfunction being included only in the second 
group of registers, it is corrected while being returned to 
the second design step. In the latter case, designing layout 
and timing verification may be performed only for the 
corresponding second logic circuit 402b. In particular, one 

20 of the features of the invention is that the second logic 
circuit 402b is separated from the first logic circuit 402a 
on the layout . According to this , only the layout of the second 
logic circuit may be modified. 

As set forth above, systematic correction can be 

25 performed by correcting malfunctions up to the first group of 
registers first, and then correcting malfunctions in the 
second group of registers. Accordingly, a shorter design 
period of time can be achieved. 

In addition, systematic correction can also be 

30 performed by using a design tool for executing the 
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aforementioned first design step and second design step, 
resulting in a shorter design period of time, 

[ Embodiment 1 ] 

5 In the case of a large scale integrated circuit, each 

logic block Includes much larger number of elements. For 
instance, in the case of a chip having one million to ten 
millions logic gates, each logic block includes hundreds of 
thousands to one million logic gates. In such a case, the 

10 layout is required to be widely modified even when the second 
logic circuit has only to be corrected. 

In the case of a large scale integrated circuit, each 
logic block is further divided into a plurality of logic 
sub-blocks in general. A logic sub-block is a collection of 

15 logic circuits having the same function, and the layout is 
normally made for each logic sub-block. 

A systematic design method of the invention can be 
applied to an integrated circuit having such sub-blocks as well. 
That is, as described below, the second design step may be 

20 divided into the third design step and the fourth design step, 
and the second logic circuit may be divided into the third logic 
circuit and the fourth logic circuit. 

In the third design step, signals between logric 
sub-blocks and a part of each logic sub-block are designed. 

25 The part of each logic sub-block here includes a register Eor 
latching an input data signal transmitted to each logic 
sub-block firstly and a control circuit for controlling the 
register. The control circuit also generates control signals 
serving as other control signals used within each logic 

30 sub-block. In the invention, this part is referred to as a 



WO 2005/043617 



12 



PCT/JP2004/016174 



third logic circuit whereas the other part within tlie logic 
sub-block is referred to as a fourth logic circuit. Further, 
a group of registers for latching an input data, signal 
transmitted to each logic block firstly is referred to as a 
5 third group of registers whereas a group of registers included 
in the fourth logic circuit is referred to as a f our-th group 
of registers . 

In the third design step, designing layout and timing 
verification are performed for signals between logic 

10 sub-blocks and all the third logic circuits. Next, in the 
fourth design step, designing layout and timing verification 
are performed for the fourth logic circuit in each logic 
sub-block independently, in accordance with the layout and 
timing obtained in the third design step . Such a design method 

15 allows to determine which of the third design step and the 
fourth design step causes a malfunction in the second logic 
circuit due to timing variations, and thus systematic 
correction can be performed. 

FIG. 5 shows a typical example of a logic block that 

20 includes sub-blocks. Signals are input to or output from a 
logic block 501 through control lines 509 and data lines 507. 
The logic block 501 is constituted by a first logic circuit 
502 including first groups of registers 504 and 50 5 and a 
control circuit 506, and a second logic circuit 503. The 

25 second logic circuit 503 is constituted by data lines 514, 
control lines 515, logic sub-blocks 510 to 512, and a control 
circuit 513. Each of the logic sub-blocks 510 to 512 is divided 
into third logic circuits 510a to 512a and fourth logic circuits 
510b to 512b. It is needless to say that the number of logic 

30 blocks and the structure of data lines are just examples and 
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the invention is not limited to these. 

According to a design method of the invention, the thirrd 
design step is performed after the first design step, in which 
designing layout and timing verification are performed for the 

5 control circuit 513 , the data lines 514 , the control lines 515 , 
and the third logic circuits 510a to 512a. For instance, a 
required layout area can be estimated from the number o>f 
elements included in each of the third logic circuits and the 
fourth logic circuits . On the basis of this estimation , layoixt 

10 is made for the control circuit 513, the data lines 514, the 
control lines 515, and the third logic circuits 510a to 512a.. 
Subsequently, timing verification is performed by the use of 
capacitance values and resistance values extracted from the 
obtained layout. In the third design step, consideration is 

15 made on registers in each logic block to which signals have 
just been input. This step is intended to verify the timing 
of the data lines 514 and the control lines 515 that are signal 
lines connected to a plurality of logic sub-blocks . 

When an operation is verified, the third design step 

20 is completed. In the case of a malfunction being detected, 
designing layout and timing verification are performed again . 

In the fourth design step, designing layout and timing 
verification are performed for each of the fourth logic 
circuits 510b to 512b. In this design step, designing layou-t 

25 and timing verification can be performed for each of the f ourtli 
logic circuits Independently. The layout is made so as to be 
connected to the layout obtained in the third design step . The 
timing verification is performed while maintaining the timing 
verified in the third design step. When an operation is 

30 verified, the fourth design step is completed. In the case 
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of a malfunction being detected, designing layout and timing 
verification are performed again for the corresponding fourth 

logic circuit. 

When a malfunction due to timing variations is detected 
5 in a semiconductor integrated circuit designed in this manner- , 
it can be systematically corrected as described below. 

A malfunction of an incorrect value stored in the thiird 
group of registers may be corrected while being returned to 
the third design step, which may require the correction of the 
10 layout of a plurality of logic sub-blocks. On the other hand, 
in the case of a malfunction of an incorrect value stored onLy 
in the fourth group of registers, only the fourth logic circuit 
in the corresponding logic sub -block may be corrected while 
being returned to the fourth design step. In the latter case . 
15 the results of the first and the third design steps are not 
modified and another malfunction does not occur except in the 
corresponding fourth logic circuit, therefore, the layout can 
be locally modified. Thus, systematic correction can be 
performed by correcting malfunctions in the third group of 
20 registers first, and then correcting malfunctions in the 
fourth group of registers. As a result, a shorter design 
period of time can be achieved. 

According to the design method of the invention, the 
layout of a logic block includes the third logic circuit and 
25 the fourth logic circuit that are disposed separately . 
Therefore, the layout of only either the third logic circuit 
or the fourth logic circuit can be easily modified by the use 
of an automatic placement and routing tool and the like. As 
described above, the layout including a plurality of parts eacli 
30 of which can be corrected independently allows efficient 
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correction of the layout, thus it is preferable. 

In addition, layout correction can also be efficiently 
performed by the use of a design tool for executing the 
aforementioned first design step, third design step and fourth 
5 design step. 

[Embodiment 2] 

A malfunction due to the first design step requires the 
correction of an entire chip in many cases. Therefore, it is 

10 important to perform timing verification more accurately . For 
instance, a structure in which an input data signal input to 
each logic block is directly stored in the first group of 
registers not through a logic gate may be adopted as a circuit 
structure for reducing malfunctions due to the first design 

15 step. 

FIG. 6 is a block diagram of a logic block with such 
a structure . In FIG . 6 , input data 606 , an input control signal 
607, output data 608, and an output control signal 609 are input 
to or output from a logic block 601. The logic block 601 is 
20 constituted by a first logic circuit 602 including a first group 
of registers 604 and a control circuit 605, and a second logic 
circuit 603. 

A feature of the logic block 601 shown in FIG. 6 is that 
the input data 606 is directly input to the first group of 

25 registers 604. According to such a structure, the first logic 
circuit 602 can be simplified and the circuit scale can be 
reduced, resulting in improved accuracy of timing verification 
in the first design step. As a result, malfunctions due to 
the first design step can be reduced. 

30 it is to be noted that this embodiment can be applied 
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to Embodiment 1 as well. That is, it is also efficient that 
input data is directly input to the third group of registers 
in a logic sub-block. 

5 [Embodiment 3] 

As a circuit structure for reducing the cases in which 
a malfunction due to the first design step requires the 
correction of an entire chip, a structure example in which a 
control signal in a logic block is controlled independently 

10 of other logic blocks and timing adjustment can be performed 
within each logic block may be adopted. 

FIGS . 7A and 7B are block diagrams of a logic block with 
such a structure. In FIG. 7A, input data 706 , an input control 
signal 707, and output data 711 are input to or output from 

15 a logic block 701. The logic block 701 is constituted by a 
first logic circuit 702 including a first group of registers 
704 and a control circuit 705, and a second logic circuit 703. 
FIG. 7B shows a structure example of the control circuit 705. 
The input control signal 707 is output through a timing 

20 adjustment circuit 708, a control signal generating circuit 
709, and a timing adjustment circuit 710. For instance, it 
can be considered that the timing adjustment circuit 708 is 
a circuit for adjusting the timing between logic blocks whereas 
the timing adjustment circuit 710 is a circuit for adjusting 

25 the timing within each logic block. These timing adjustment 
circuits 708 and 710 are constituted by a delay circuit and 
the like. 

A feature of the logic block 701 shown in FIG. 7A is 
that an output control signal is not provided and the control 
30 circuit 705 has a function of adjusting the timing. When 
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adopting a structure that does not output a control signal from 
the logic block, delay of the control signal does not affect 
a plurality of blocks. In order to achieve such a structure, 
a logic block using a control signal generated in other log±c 
5 blocks may make a copy of a logic circuit for generating tlie 
control signal. In addition, when adopting a structure ±n 
which timing adjustment can be performed in each logic block, 
a malfunction in the first group of registers may be corrected 
only by correcting the timing adjustment circuit. 

10 As a result, the number of cases in which a plurality 

of blocks are required to be corrected is reduced, and it ±s 
more likely that a malfunction can be corrected only by 
modifying the layout of the first logic circuit including ttie 
first group of registers. 

15 It is to be noted that this embodiment can be applied 

to Embodiment 1 as well. That is, it is also efficient in FIG. 
5 that each of the logic sub-blocks 510 to 512 does not have 
an output control signal and the control circuit 513 has a 
function of adjusting the timing. 

20 Furthermore, this embodiment can be applied to 

Embodiment 2 as well. 



